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The primary purpose of t h i s  f i r s t  f l i g h t  i n  the va?:iable s t a b i l i t y  
E-26 is  t o  i l l u s t r a t e  t y p i c a l  ai;-p1a-i:: s t a b i i i t y  and c o n t r o l  c h a r a c t e r i s t i c s  
a113 t h e i r  r e l a t i o n s h i p  t o  a i r2lar ,z  f ly ing  q i l a l i t i e s .  In  p a r t i c u l a r  t h e  
1ongitudin.al c h a r a c t e r i s t i c s  a r e  shown beginning v i t h  a demons t r a t io i~  of  v a r i -  
ocs s t a t i c  s t a b i l i t y  l e v e l s .  
f o r  t h e  s t a t i c a l l y  s t a b l e  a i r p l a n e .  
r'actors which a r e  dominsnt i n  t h e  naneuveTirig c h a r a c t e r i s t i c s  of  tl:e aii-plane : 
s]igrt p e r i d  dynamics, maneuvering force l e v e l s  
of c o n t r o l  system f r i c t i o n  and center ing sprir:gs ax a l s o  derronstrnted. 
c r 3 1 - d i r e c t i o n a l  c h a r a c t e r i s t i c s  a r e  shovjn bu t  or:iy i n  a general  s ense  t o  
i d % t i f j r  thein and e s t a b l i s h  t h e i r  relevance t o  f l y i n g  q l ; a l i t i e s .  

The longi tudinal  dynamic .modes a r e  i d e n t i f i e d  
Discussed i r ?  more d e t a i l  next 8re t hose  

arid s t i c k  t r a v e l .  The e f f e c t s ,  
Lat- 

A b r i e f  p i l o t  cvaluat  i c n  of a p a r t i c u l a r  iongi tudi . la1 conf igu ra t ion  
In  p a r t i -  i s  csed t o  i l l u s c r a t e  p ~ o p e r  f l y i n g  c p i l i t i e s  e v a l u t i o n  tecililiques. 

c i : l a r J  t h e  generat ion of meaningful p i l o t  conxmnts and t h e  use of t h e  Cooper- 
ha rde r  r a t i n g  s c a l e  a r e  emphasized. 

A.  bII\iTK@XJCTORY COWEEU'TS 

, 
.. ,I 

'I 

1. P r i o r  ' to  Takeoff ----- 

3 Evaluation p i l o t  s t a t i o n  and i t s  per t i .nent  f e z t u r e s .  

e Cockpit procedures iiiciuding b a i l o u t .  

Q A i r c r a f t  xaneuvering envelope. 

2 .  A f t w  S i ~ t e m  Engaqcment -___ b _-_..._ ___- 
o Opon-loop o r  f r e e  response of ail a i r c r a f t  as opposed t o  closed- 

loop or p i lo t - in - the - loop  response.  

Test  inputs ;  coimon e r r o r s ;  e f f e c t  of  c o n t m l  f r i c t i o n  on inpu t .  

Q u a l i t a t i v e  assessment cf res2onse t o  p i l o t  Inputs  2nd aethod 
of  t a l k i n g  about i t .  
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E. LONGITUDINAL STATIC STABILITY 

OBJECTIVE: To demonstrate e f f e c t s  on f l y i n g  q u a l i t i e s  of varying l e v e l s  of 
s t a t i c  long i tud ina l  s t a b i l i t y  of  an a i r c r a f t  arid t i  in t roduce  
t h e  r e l a t i o n s h i p  between s t a t i c  s t a b i l i t y  and corresponding dynamic 

When a p i l o t  f l i e s  an a i r c r a f t  c losed-loop,  he 
gene ra l ly  r e l a t e s  a i r c r a f t  response t o  h i s  c o n t r o l  i n p u t s .  
he sees  t h e  lumped e f f e c t s  of b a s i c  a i r p l a n e  c h a r a c t e r i s t i c s  and 
c o n t r o l  system c h a r a c t e r i s t i c s .  

. c h a r a c t e r i s t i c s .  
Thus, ' 

1 airplane,  
a i r p l a n e  ! rotion 

c o n t r o l  I 
motion ;- , 

+--- 

Perceives  and Transforms p i l o t  Moves i n  response 
processes  d a t a  on inpu t s  i n t o  t o  f o r c e s  and 

task,  a p p l i e s  on a i rp l ane  
inpu t  t o  c o n t r o l s  

I both motion and f o r c e s  and moments moments on it 1 

a i r p l a n e  motion which i s  perceived and compared 
t o  des i r ed  not ion i n  l i g h t  o f  t a s k  

_____ __- I - _.._- - ---" -. -7 - 

I n i t i a l l y ,  t h e  e f f e c t s  of varying b a s i c  a i r p l a n e  c h a r a c t e r i s t i c s  
a r e  shown with e s s e n t i a l l y  cons t an t  c o n t r o l  system c h a r a c t e r i s -  
t i c s .  Then, w i t h  constant a i r p l a n e  c h a r a c t e r i s t i c s ,  t h e  very 
s i g n i f i c a n t  e f f e c t s  of  the c o n t r o l  system on closed-loop c o n t r o l  
a r e  demonstrated. 

1. S t a t i c a l l y  S t a b l e  Airplane (Posi t ive S t , a t i c  S t a b i l i t y ;  C . G .  ahead of  
s t a t i c  n e u t r a l  p o i n t )  

o Demonstration p e r t a i n s  p r i m a r i l y  t o  t h e  s i t u a t i o n  with f ixed -  
wing a i r c ra f t  where s t a t i c  s t a b i l i t y  i s  der ived predominantly 
from angle  o f  a t t a c k  s t a b i l i t y  (subsonic) .  

Discussion a p p l i e s  general ly  t o  a i r p l a n e s  with i r r e v e r s i b l e  
c o n t r o l  systems and without bobweights. 

Longitudinal f ree  response motion c o n s i s t s  g e n e r a l l y  of  two 
second o rde r  dynamic modes: 

'a 

0 

2 



I .  

8 

0 

e 

(a) Short-term response o r  Short-pcr iod 

- motion pr imari ly  i n  angle  of a t t a c k , p i t c h  a t t i t u d e  
and "g"; airspeed and a l t i t u d e  e s s e n t i a l l y  c o n s t a n t .  

- mode through which p i l o t  ncineuvers a i r p l a n e  i n  p i t c h  
(Short per iod dynamics a r e  d i scussed  i n  more d e t a i l  
i n  Sect ion C ) .  

(b) Long-te.rm response o r  Phugoid 

- motion pr imari ly  i n  a i r s p e e d ,  a l t i t u d e  and p i t c h  

- t h e  p i l o t  u sua l ly  no te s  t h e  e f f e c t  of  t h e  phugoid 
during trimming o r  i n  c r u i s e  f l i g h t  r a t n e r  t han  
during maneuvering. 

. 
a t t i t u d e  with angle o f  a t t a c k  e s s e n t i a l l y  cons t an t .  

T r i m  e x i s t s ;  f o r  s p e c i f i c  t r i m  s e t t i n g ,  t h e r e  is  s p e c i f i c  
corresponding p i t c h  a t t i t u d e  and a i r s p e e d .  

S t i c k  Force/airspeed g rad ien t  = F S / ~ V  i s  p o s i t i v e ,  i . e .  p u l l  
force f o r  speed below trim, e tc .  

S teady- s t a t e  stick force/normal a c c e l e r a t i o n  = F S /g i s  p o s i t i v e .  

2 .  Neut ra l ly  S t a b l e  Airplane (Neutral S t a t i c  S t a b i l i t y ;  C . G .  7 a t  t h e  s t a t i c  
n e u t r a l  p o i n t )  

0 

0 

0 

e 
0 

0 

e 

0 

T r i m  c o n t r o l  commands p i t c h  r a t e  n o t  p i t c h  a t t i t u d e . '  
No speed s t a b i l i t y +  Fes/v E O  4 no phugoid. 
No a n g l e  of a t t a c k  s t a b i l i t y  
Have "g" stabil i ty-,F"S/970 due p r i m a r i l y  t o  p i t c h  danping (PIP)  
Elevator  ac tua t ed  e i t h e r  through t h e  s t i ck  o r  t h e . t r i m  c o n t r o l s  
p i t c h  rate. 
o rde r  mode i n  p i t c h  r a t e  a k i n  t o  t h e  r o l l  node - p i t c h  damping 
(M%) determines t i m e  c o n s t a n t  and hence p r e d i c t a b i l i t y  i n  
p i t c h  a t t i t u d e  c o n t r o l  much as %L a f f e c t s  bank a n g l e  con t ro l  
P i t c h  damping and gear ing are important f a c t o r s  i n  flyir?g 

A i r c r a f t  s h o r t  term p i t c h  response is  a f i rs t  

. -  - _ _ ~  
q u a l i t i e s  of n e u t r a l l y  s t a b l e  a i rcraf t .  
With appropr i a t e  p i t c h  damping and gear ing,  n e u t r a l l y  s t a b l e  
a i r p l a n e  can be  r e a d i l y  flown i n  t a s k s  where speed c o n t r o l  
i s  no t  c r i t i ca l  - i n  fac t  f o r  air-to-ground t a s k ,  no need 

.. 

t o  retrirn i n  d ive  as speed inc reases .  
I n  turbulence,  a i r p l a n e  w i l l  heave b u t  w i l l  n o t  r o t a t e  i n  p i t ch .  
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3 .  S t a t i c a l l y  Unstable Airplane (Negative S t a t i c  S t a b i l i t y ;  C . G .  behind 
s ta t ic  n e u t r a l  p o i n t )  

0 Exponential  divergence i n  angle  of a t t a c k ;  p i t c h e s  s lowly a t  
f irst ,  then more and more r a p i d l y .  
p f out - of - t r i m w it h nc7.i t ra  1 s tat i c s t a b  i 1 ity, ) 

(Unlike s teady  p i t c h  r a t e  

e Negative s t i c k  fo rce l a i r speed  change. 

(a) C.G. between s t a t i c  n e u t r a l  p o i n t  and r,ianeuver p o i n t .  , 

o S t i c k  force/g still FGsi t ive ;  p i t c h  danping s t r o n g e r  
than  angle  of a t t a c k  i n s t a b i l i t y .  

B Flyable  but r e q u i r e s  p i l o t  a t t e n t i o n .  

(b) C.G. a t  maneuver p o i n t .  

e S t i c k  force/g i s  zero  f o r  small reg ion  about ha lance  
a i r s p e e d  (speed where sum of f o r c e s  and moments 
a r e  ze ro ) ;  s t i c k  f o r c e  to i n i t i a t e  sot ion.(overcome 
i n e r t i a )  s t i l l  i n  normal d i r e c t i o n .  

8 

o 

Flyable  but s e n s i t i v e ;  very  easy  t o  cve rcon t ro l .  

S t i c k  force /a i r syeed  change more negat ive  than Case (a). 

.- 

(c) C .G.  behind maneuver p o i n t .  

e S t i c k  force/g a c t u a l l y  nega t ive  f o r  m a l l  reg ion  
about balance a i r speed .  

e Flyable  but r e q u i r e s  cons t an t  a t t e n t i o n .  

. .  o S t i c k  force /a i r speed  change s t i l l  more nega t ive .  

C. INFLUENCE OF SHORT-PERIOD DYNAhlICS 

0 Shor t  per iod  i s  of primary concern t o  t h e  p i l o t  f o r  maneuver- 
ing  tasks. 

c 
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1. Effect of Changing DAMPIKG of Short  Period Plotion . -  

0 With medium frequency = .5  cps;  40 lb /g  
Damping Ra t io  Remarks 

High . 7  Looks dead b e a t .  Note t ime t o  s e t t l e  
down. Steady f o r  t r a c k i n g ,  easy t o  
maneuver, b u t  n o t  p a r t i c u l a r l y  quick. 

Low . 2  Overshoot e a s i l y  no t i ced ,  i n t e r f e r e s ’  
with quick maneuvers. Supersonic,  
high a l t i t u d e ,  with p i t c h  damper o f f .  

Zero .o Not usable ,  a l thcugh  f l y a b l e .  With 
f r i c t i o n ,  becomes almost un f lyab le .  

2.  Effect of  Changing FREQUENCY o f  Short  Per iod blotion 

0 With high damping r a t i o  .7; 40 lb /g  

- Frequency o r  
Quickness 

of Response Remarks 

Medium .5 cps Typical of medium-sized a i r p l a n e .  Good. 
Fast .8 Quicker t o  g e t  moving, qu icke r  t o  s e t t l e  

More l i k e  f i g h t e r  o r  small plane.  down. 
Good f o r  maneuvering, easy t o  g e t  d e s i r e d  
g.  
bobble o r  waver on t a r g e t .  

not  good as f i g h t e r .  
t r a n s p o r t .  
become faster  by e x e r t i n g  high i n i t i a l  f o r c e .  

If f o r c e s  are l i g h t e r ,  tendency t o  

Slow . 3  blore l i k e  t r a n s p o r t .  S t a b l e ,  good f o r  I F R ,  
Heavy f o r c e s  okay f o r  

Can f o r c e  slow response t o  

NOTE: C.G. mqving a f t  towards n e u t r a l  po in t  has the effect  of 
reducing angle of a t t a c k  s t a b i l i t y  (and hence speed sta- 
b i l i t y )  r e s u l t i n g  i n  a weaker r e s t o r i n g  moment i n  ang le  
of attack and a lower frequency of t h e  s h o r t  pe r iod  mode. 
I n  a similar fashion,  moving t h e  c.g.  forward i n c r e a s e s  
t h e  s h o r t  period frequency. 

5 



D. 1:)-FLUENCE OF ELEVATOR G E A R I N G  (Fs/g) 

0 With medium frequency Y ,S cps;  high damping r a t i o  ,7 

S t i c k  Force/g Remarks 

biedium 40 lb /g  S u i t a b l e  f o r  t h i s  a i r p l a n e .  Adequate 
g -p ro tec t ion .  
maneuvers a r e  r eqx i r ed .  

No good i f  h ighe r  g 

Light 20 P i l o t  maneuvers more quick ly .  Appears 
l i k e  h ighe r  frequency of  s h o r t  pe r iod .  
Rea l ly ,  open loop response unchanged 
b u t  c losed  loop response qu icke r .  
P l easan t  t o  maneuver. Remember from 
demo of e f f e c t  o f  frequency, fo rces .  
t o o  l i g h t  make p i l o t  bobble wi th  high 
frequency,  overshoot with low frequency. 

Heavy 85 Acts l i k e  t r a n s p o r t .  P i l o t  maneuvers 
s lower.  Looks l i k e  lower f requency o f  
s h o r t  per iod  because heavy f o r c e s  prevent  
p i l o t  from applying enough e l e v a t o r  t o  
g e t  quick response.  
n o t  bad i f  t a s k  does no t  r e q u i r e  quick 
'maneuvers and, i n  f a c t ,  p revent  i nadve r t en t  
quick maneuvers. 

Notice  heavy fo rces  

E .  ' INFLUENCE OF STICK TRAVEL (S t ick  Fee l  Gradien t )  

e Shown wi th  cons tan t  (open-loop) a i r p l a n e  c h a r a c t e r i s t i c s ,  con- 
s t a n t  Fs/g. . 

Zero s t i c k  t r a v e l / f o r c e  i n p u t  produces a f a s t e r  responding 
a i rp l ane .  

Large s t i c k  t r a v e l / f o r c e  inpu t  produces a slower o r  more 
s lugg i sh ly  responding a i r p l a n e .  

e 

e 

, 
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F. LONGITUDINAL CONTROL SYSTEM NONLINEARITIES 

b 

' 'OBJECTIVE: To demonstrate the i ntersctions between elevator control 
system and the open-loop airplane character is t ics  during 
closed-loop (pilot-in-the-loop) task performance. The 
p i lo t  essentially sees the two s e t s  o f  charac te r i s t ics  
as one integral lump. 

1. Friction o r  Force Hysteresis 

' 0  

e 

0 

8 

Introduced' with medium frequency (0.5 hz)  we1 1 damped 
(Bfp*0.7) short period and 
t r i m a b i l i t y  (impaired), a b i l i t y  t o  make smzll corrections 
(impaired), 1 arger maneuvers ( O K ) .  

pad9-40  lbs/g - note 

W i t h  medium frequency (0.5 h z )  , zero damping, 4 C  lbs/n 
note ab i l i t y  t o  track in pitch (worse than without f r i c t ion ) .  

- 

W i t h  high frequency (0.8 h z ) ,  moderate t o  well damped 
( 3 s p d  0.4 - 0.7), l i g h t  
small amount o f  f r ic t ion  on a i r  to ground tracking (beneficial ,  
less  bobbling on ta rge t ) ;  t oo  much f r i c t ion  detrimental. 

Fss~-'lO lbsjg - note e f f ec t  o f  

W i t h  low frequency ( 0.3 h z ) ,  well damped (fsr-0.7) and 
~ ~ s / y 2 0  lbs/g - note effect  of f r i c t ion  on pitch a t t i t ude  
control (detrimental because adds lag t o  an already slow 
i n i t i a l  response). . 

2 .  Centering Spr ing  

, =- be 
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e Shown w i t h  baseline configuration of 511-0.5 hz, 
4 5 8 -  0.7, Fa%$- 40 lbs/g - e f fec t s  on small 
corrections in pitch and on pitch inaneuvers similar t o  
f r i c t ion ;  due to  positive centering, trimmabi l i t y  i s  positive. 

' 

3. Centering Spring P1L;s F r i c t i o r ;  (Spl i t  Hysteresis) 

6k , . 

0 Shown again w i t h  baseline configuration 

o Gross effects  similar t o  f r i c t ion  except fo r  trimnability which 
i s  def in i te  and predi ctabl e. 

e Prefer minimum level of nonl ineari t y  about the trim i .e. sketch ( b )  

o Centering spring is added t o  a system which has f r ic t ion  t o  
improve trimmabi 1 i ty .  

o Breakout force i s  the sum of the f r ic t ion  and centering spring. 

GENERA.L COMMENTS: 

Any control system nonlinearity tends i n  general t o  reduce airplane 
response predictabi l i ty  t o  s t ick  force inputs. The particular nonlinearit ies 
demonstrated here introduce lags i n  the overall response t a  s t ick  i n p u t s .  
With many airplane dynamic configurations, t h i s  i s  detrimetital . Hcwever, 
with some, particularly "sensitive", or ''overly responsive", configurations , 
this 1 ag can be beneficial. 

H. PRACTICE EVALUATION 
o 
0 

0 

Practice eval uati on of longi t u d i  nal conf i gurati on. 
Review of evaluation procedure, p i lo t  comments and use o f  
ra t ing scale 
Emphasis of difference ktween f lying qua l i t i es  evaluation and 
documentation (collection o f  required f l i g h t  test d a t a ) .  

8 
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CALSPAN CORPORATION 

'STABILITY, CONTROL AND FLYING QUALITIES DEKONSTRATION 
TO PILOTS OF NASA LANGLEY RESEARCH CENTER 

FLIGHT I1 SY'LLA.DUS 

1,ATERAL-DIRECTIONAL STABILITY AID CONTROL CHARACTERISTICS 

A. DUTCH ROLL MODE 

W k d L  WWlCTldl :  Combined r o l l i n g  and yawing motion, coupled 
toge the r .  Period about 2-10 sec . ,  damping l i g h t .  Amount o f  r o l l i n g  
motion compared t o  yawing motion depends on aerodynamics and i n e r t i a  
of  a i r p l a n e .  Can va ry  from mostly yaw t o  mostly r o l l .  

S i d e s l i p  (p ) makes a i r p l a n e  t u r n  t o  l i n e  up with r e l a t i v e  wind, as a 
weathercock (-N 6 ) . 
and t h e r e f o r e  overshoot.  Damping, due mostly t o  motion o f  v e r t i c a l  
t a i l  through t h e  a i r  as t h e  a i rp l ane  moves i n  yaw ( fly), Rakes t h e  
motion d i e  out .  

Once turning,  i n e r t i a  makes it cont inue t o  t u r n  

But, a t  t h e  same t i n e ,  t h e  g produces r o l l  due t o  t h e  d ihedra l  effect  
( "p) .  
t h  o the r ,  and so develops more l i f t  and s o  makes a i r p l a n e  r o l l  (Lr) . 
A s  a i r p l a n e  r o l l s ,  angle  of  a t t ack  a t  down-going wing becomes g r e a t e r ,  
and smaller on up-going wing. L i f t  i s  pe rpend icu la r  t o  on-coming a i r ,  
s o  l i f t  v e c t o r  t i l t e d ,  producing forward Component on one wing, a f t  
on o t h e r .  
of attack on t h e  downgoing makes more l i f t  on the  downgoing wing and 
hence a moment p ropor t iona l  t o  r o l l  rate, o r  damping i n  r o l l  (Le), 
which provides p a r t  of t he  damping of  t h e  Dutch r o l l  as we l l  as 
a f f e c t i n g  t h e  rol4 mode time constant .  In  a d d i t i o n ,  t h e  s i d e s l i p  
produces a l a t e ra l  f o r c e  on the a i r p l a n e  ( v b  ) . 

Also, as a i r p l a n e  yaws, one wing moves ahead f a s t e r  than 

This  produces yawing moment (b~\'). This inc rease  i n  ang le  

A l l  t h e s e  e f f e c t s  i n t e r a c t ,  apd couple t h e  r o l l i n g  and yawing motion 
toge the r .  . 

OBJECT: To i d e n t i f y  t h e  v a r i e t y  of  a i r c ra f t  open-loop ( f r e e  response) 
motions t h a t  are due t o  Dutch Roll mode c h a r a c t e r i s t i c s  as descr ibed 
by i t s  damping r a t i o ,  pe r iod  (or frequency) and i t s  roll-to-yaw r a t i o  
and re la te  t h e s e  c h a r a c t e r i s t i c s  t o  t h e  a b i l i t y  of t h e  p i l o t  t o  perform 
va r ious  closed-loop t a s k s  i n  smooth and t u r b u l e n t  air .  

1. Effects OF DAMPING RATIO: (With pe r iod  and r o l l  t o  yaw r a t i o  kep t  
cons t an t  .) 

0.1 Baseline. .  Many cycles t o  damp (watch t u r n  needle) .  
Consider damping needed i n  Dutch r o l l  compared t o  l o n g i t u d i n a l  
s h o r t  per iod.  Note o s c i l l a t i o n  while  t r ack ing ,  a f t e r  using 
a i l e r o n . t o  s t o p  maneuver. P i l o t  can add dmping  closed-loop. 



_ .  

0 Unacceptable f o r  normal u s e  even t.hough p i l o t  can damp. 
motion. 
appears as v e r t i c a l  motion, yaw as h o r i z o n t a l  motion of t i p .  

Note roll-to-yaw r a t i o  by watching w i n g t i p - r o l l  

0.3 Typical with yaw damper. Note improvement i n  t r ack ing ,  
s topping on heading. 

2 .  Effects of PERIOD: (Frequency) (With damping r a t i o  and r o l l  t o  
yaw r a t i o  kept  cons t an t )  

4 Sec. Baseline.  

. B. 

2 Sec. Noticeable  change. Like T-38. Perhaps not  much 
p r a c t i c a l  d i f f e rence  i n  s u i t a b i l i t y .  What do you th ink?  

3 .  Effec t s  of ROLL-TO-YAW RATIO: (With damping r a t i o  and pe r iod  
kept cons t an t )  

1 . 2  Baseline: moderate dihedral  effect .  

0.5 Low d ihedra l  effect .  F l a t ,  snaking motion. L i k e  Bonanza 

Rudder more he lp  than  a i l e r o n  t o  damp 
Moticeable change but perhaps no t  much p r a c t i c a l  d i f f e r e n c e .  
What do you think? 
motion; a i l e r o n  works on r o l l  (smaller  p a r t  o f  motion), 
p i l o t  judges r e s u l t s  by see ing  yaw ( l a r g e  p a r t  of motion). 

5 High d ihedra l  e f f e c t .  Undesirable.  Ro l l s  too much f o r  sinal1 
yaw c o r r e c t i o n  o r  rough a i r .  
adding damping (and NILSPEC r e q u i r e s  t h i s ) .  Damping by use 
of  rudder no t  very easy. 
motion), p i l o t  judges r e s u l t s  by see ing  r o l l  ( l a r g e  p a r t  of  
motion). Also, rudder gene ra t e s  s i d e s l i p  which makes more 
r o l l  due t o  high dihedral .  

P r a c t i c a l  improvement by 

Rudder works on yaw (small p a r t  of  

CONCLUSION: Open loop c h a r a c t e r i s t i c s  a convenient way t o  desc r ibe  a 
s e t  of  a i r p l a n e  c h a r a c t e r i s t i c s  b u t  importance i s  s t r o n g  e f f e c t  on 
t h e  way t h e  a i r p l a n e  responds i n  s p e c i f i c  c losed-loop p i l c t i n g  t a s k s .  

E f f e c t s  of  YAW DUE TO LATERAL CONTROLS - A Control System C h a r a c t e r i s t i c  

OBJECT: Shows how a i r p l a n e  open loop c h a r a c t e r i s t i c s  (he re -d ihedra l  
e f f e c t  and hence roll-to-yaw r a t i o )  determine t h e  way t h a t  c o n t r o l  
system c h a r a c t e r i s t i c s  (here  we are  changing yaw due t o  l a t e r a l ' i n p u t s  a f f e c t s  
t h e  closed loop c o n t r o l ,  i . e . ,  how well t h e  p i l o t  can make'the a i r p l a n e  

. do what he wants i t  t o .  

2 



1. Low d ihedra l  (low roll-to-yaw r a t i o )  

a. Moderate Adverse Yaw - OK f o r  small  lateral c o n t r o l  
i npu t ,  Dutch r o l l  e x c i t e d  i n  quick maneuvers. 
P i l o t  can coord ina te  with rudder t o  suppress  
Dutch r o l l .  

b. Large Adverse Yaw - L i k e  many l i g h t  a i r p l a n e s  o r  STOL, 
some j e t s  i n  PA. Rudder coord ina t ion  now important.  

c. Proverse -. Like s p o i l e r s .  If t o o  much, a i r p l a n e  s t a r t s .  
yaw i n  t u r n  too  qu ick ly ,  s t o p s  t u r n i n g  be fo re  
wings reach l e v e l  i n  recovery.  Induces Dutch 
r o l l .  Hard t o  coord ina te .  

A l l  o f  t h e  above are acceptable  although d i f f e r e n t .  

2 .  High d ihede ra l  (high roll-to-yaw r a t i o )  

a. Moderate Adverse Yaw - Not good bu t  perhaps acceptable;  
rudder coordinat ion now requ i r ed .  Note r o l l  rate 
h e s i t a t i o n  o r  r e v e r s a l ;  a i l e r o n  s tar ts  a i r p l a n e  
r o l l i n g  b u t  zdverse yaw produces s i d e s l i p .  
high d ihedra l ,  g e t  s u b s t a n t i a l  r o l l i n g  moment 
opposing r o l l  due t o  a i l e r o n ,  s o  r o l l  slows o r  
reverses .  D i rec t iona l  s t a b i l i t y  inakes a i r p l a n e  
t u r n  t o  reduce s i d e s l i p .  
dihedral  diminishes and a i r p l a n e  p i cks  up r o l l  
r a t e  again. 
supkrposed-on d e s i r e d  r o l l  r a t e  and p i l o t  o b j e c t s .  
Use of l o t s  of rudder he lps  s t a r t  r o l l  ( 1-p  adds 
t o  is;) bu t  a l s o  induces Dutch r o l l ,  Rudder - 
a i l e r o n  in t e rconnec t  now important,  so  ' p i l o t  
doesn ' t  have t o  coordinate  t u r n .  In t e rconnec t  
may operate  only i n  PA,  where low speed means 
high d , so high d ihedra l  effect  from swept 
wing, and high adverse yaw, b e c a u s e ' l o t s  of 
a i l e r o n  needed. Generates l a r g e  because 
v e r t i c a l  t a i l  less e f f e c t i v e  a t  high CA . 

With 

Then r o l l  due t o  

Resul t  - o s c i l l a t o r y  Dutch r o l l  

b.  More Adverse Yaw - Aileron no t  a good r o l l  c o n t r o l .  Ai leron 
produces r o l l i n g  moment bu t  s i d e s l i p  produced by 
adverse yaw is  so l a r g e  t h a t  r o l l  due t o  d i h e d r a l  
cancels  r o l l  due t o  a i l e r o n .  This approached i n  
some d e l t a  wing a i r p l a n e s .  A t  low speeds r o l l  
con t ro l  OK i f  rudder coordinat ion good t o  keep 
s i d e s l i p  small - reason f o r  rudde r -a i l e ron  
interconnect .  

3 



c. Provcrse - Now easy t o  s t a r t  r o l l  ( s i d e s l i p  induced by 
a i l e r o n  produces r o l l  which he lps  r o l l  due t o  
a i l e r o n ) .  Note closed-loop o s c i l l a t i o n .  P i l o t  
makes r o l l  worse when he t r i e s  t o  s t o p  rol l .  
Typical  of some swept wing t r a n s p o r t s  i n  approach 
(C135). Cont ro l lab le  by pu l se  a i l e r o n  inpu t ;  r o l l  
mode time cons tan t  s h o r t  compared t o  Dutch r o l l  
pericd so aileron p u l m  crfPoct8 roll rata,  but 1s 
removed before yaw due t o  a i l e r o n  b u i l d s  up 
s i d e s l i p  to produce r o l l  due t o  d ihed ra l .  
for p i l o t  t o  coord ina te  rudder and cancel  yaw due 
t o  aileron, 

Hard 

C. ROLL MODE: Effects of ROLL MODE TIME CONSTANT 

OEiJECI‘: 
for  r o l l  c p n t r o l  and demonstrate t h e  effects of t h e  r o l l  mode time 
cons tan t  on t h e  p i l o t ’ s  a b i l i t y  t o  c o n t r o l  bank angle  

To i d e n t i f y  t h e  r o l l  mode which is t h e  mode t h e  p i l o t  u t i l i z e s  

Shown with  low d ihedra l  (“e) and small  yaw due t o  a i l e r o n  ( 
t o  minimize e x c i t a t i o n  of Dutch r o l l ,  which would obscure 
we want t o  show. 

A first o r d e r  mode. 

P LA is a func t ion  of r o l l  damping and r o l l i n g  moment of i n e r t i a .  

Note d i f f e r e n c e  ktween how much eteady s ta te  r o l l  rate p i l o t  
g e t s  f o r  a given c o n t r o l  i npu t  (a func t ion  of lateral c o n t r o l  
e f f e c t i v e n e s s  and gear ing)  and how quickly p i l o t  gets t h a t  
steady s ta te  r o l l  rate (a f u n c t i o n  r o l l  i n e r t i a  and r o l l  
damping). 

0 c k  a f f e c t s  r o l l  response p r e d i c t a b i l i t y  o r  one-to-one 
f e e l  between aircraft response and p i l o t  input .  

il. Shor t  (about 0.3 sec) - Time t o  reach s teady  very sho r t .  
Easy t o  s t o p  p r e c i s e l y  a t  t o  p i l o t ,  a i l e r o n  commands r o l l  rate. 

d e s i r e d  bank angle.  

2. Long (1.3 sec) - Time t o  reach s teady  P long enough t o  no t i ce .  
Appears a s  s l i g h t  pause w h i l e  a i r p l a n e  p icks  up r o l l  r a t e .  
t ends  t o  overshoot bank angle. 

P i l o t  
With heavier  a i l e r o n s ,  @ l o t  makes 

input  slower,  more near ly  
t h e r e  is less overshoot.  

matched t o  a i r p l a n e  r o l l  r e s p o k e ,  and 
This  more l i k e  l a r g e  airplane. 
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D. SPIRAL MODE 

0 A first o r d e r  mode 

0 Genera l ly  wi th  a long time c o n s t a n t  

0 . Shows up p r i m a r i l y  i n  open-loop t a s k s  such as trimmed cruise  f l i g h t  
r a t h e r  t han  wi th  maneuvering f l i g h t .  

1. Moderately Divergent - Annoying i n  c r u i s e  f l i g h t  a i rcraf t  
t ends  t o  r o l l  o f f  e i t h e r  s i d e  of  l eve l  f l i g h t  - 
r e q u i r e s  continuous p i l o t  monitor ing.  

2. Moderately Cowergent  - Annoying when making s t e a d y  banked 
turns  - r e q u i r e s  s teady la teral  c o n t r o l  i n p u t s  t o  
coun te rac t  tenden'cy t o  re turn  t o  l e v e l  f l i g h t .  

CONCLUSION: Prefer as n e a r  n e u t r a l l y  s t a b l e  s p i r a l  as p o s s i b l e .  

E. PRACTICE EVALUATION 

A complete s imula t ed  a i r p l a n e  c o n f i g u r a t i o n  i n c l u d i n g  bo th  l o n g i t u d i n a l  
and l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  w i l l  be  se t  up and given t o  the 
e v a l u a t i o n  p i l o t  f o r  a f l y i n g  q u a l i t i e s  e v a l u a t i o n  i n  t h e  c o n t e x t ,  of 
a des igna ted  t a sk .  The Calspan p i l o t  w i l l  monitor  t h e  p i l o t  comments 
and sugges t  changes where necessary .  
expec ted  t o  summarize h i s  comments a t  t h e  end of t h e  e v a l u a t i b n  
u t i l i z i n g  t h e  sample  comment card  and a s s i g n  an  a p p r o p r i a t e  p i l o t  
r a t i n g  us ing  t h e  Cooper-Harper scale. 
from t h e  documentation of t h e  c o n f i g u r a t i o n .  The e v a l u a t i o n  p i l o t  should  
c l e a r l y  s e p a r a t e  t h e  p rocess  of e v a l u a t i o n  (Is i t  s u i t a b i e  for the t a sk? )  
from t h e  completely separate job  of de te rmining  open-loop a i r p l a n e  
c h a r a c t e r i s t i c s .  (Does it comply wi th  t h e  s p e c i f i c a t i o n s ? )  Here, w e  
w i l l  be  i n t e r e s t e d  i n  t h e  f i r s t  of t h e s e  q u e s t i o n s ,  
you do t h e  job? 
Could you count  on be ing  a b l e  t o  do i t  perhaps i n  con junc t ion  w i t h  
o t h e r  p i l o t i n g  t a s k s ?  
of  t h e  a i r p l a n e ? ,  and so on. 

The e v a l u a t i o n  p i l o t  w i l l  b e  

Th i s  e v a l u a t i o n  w i l l  be  s e p a r a t e  ' 

i.e. How w e l l  can 
How much e f f o r t  and c o n c e n t r a t i o n  d i d  it t a k e  t o  do it? 

Did you have t o  compensate f o r  some d e f i c i e n c y  
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